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section taken between the village of Truro and the valley of the Stie- 
wacke, which I have found to be as follows. 
-~ Quartzite and Trap. " ~" ~ = v o 
~ ~ ~.o 
Dist~ee 10 miles. 
A similar section presents itself northward of 'IS'uro. At the St. 
Croix River ill the county of Hants: the Silurian slates are sueeeeded 
.by eonglomerates, the conglomerates by gypsum and fossiliferous 
limestones, like those of the Shubenaeadie, and the whole by coal- 
measures, which I believe mbraee workable beds of coal. The dip 
and order are such as leave no doubt on my mind of their true posi- 
tion. It is my intention, as soon as my time will allow, to make a 
communication to the Society, and to supply such facts as will, I 
presume, set the matter at rest. 
2. _4 comparison of the stmtetural features of disturbed istricts in 
EVROPE and AMERICA. By HENR'," D. Ro6ERs, For. Mem. G.S., 
Professor of Geology in the University of Pennsylvania. 
[IN consequence of Professor Rogers's return to America, the publi- 
cation of this paper is postponed for the present.J 
NOVEMBER 29, 1848. 
Charles Timms, Esq., was elected a Fellow of the Society. 
The following communications were read :--  
l. On Fossil Plants from the dnthraeite Formation of the Alp, of 
SAvoY. By C. J. F. BVNBURY, Esq., F.G.S. 
THE question which I propose to bring before the notice of the So- 
ciety on this occasion may be considered one of the most curious in 
geology, with relation to the distribution of organic remains and their 
value in determining the age of rocks. Attention was first called to 
it by the celebrated French geologist, M./~lie de Beaumont, in a 
paper which was published in the fourteenth volume of file ' Annales 
des Sciences Naturelles,' in the year 1828. He described the strata 
observed in the neighbourhood of the village of Petit C~eur, near 
Moutiers in the Tarentaise, and stated that beds of black schist, which 
abound with impressions of ferns and other plants identical with 
those of the coal formation, are there found interposed between beds 
of argillaceous limestone containing belemnites. Ile appears to have 
completely satisfied himself that the strata containing ferns and those 
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containing belemnites r ally belonged to the same geological epoch, 
and he refers the whole group, without hesitation, to the age of the 
lias. This paper was followed by one from M. Adolphe Brongniart, 
stating the result of his examination of the fossil plants from this 
anomalous deposit. He enumerates nineteen species, besides some 
others which were not in a state to admit of determination ; and of 
these nineteen he pronounces seventeen to be positively identical with 
species of the coal formation, the remaining two being peculiar and 
previously undescribed. In a subsequent communication, published 
m the fifteenth volume of the 'Annales,' M. Elie de Beaumont de- 
scribed a series of strata of vast thickness occurring in the Alps be- 
tween Briangon a d St. Jean de Manrienne, and which he considered 
as belonging to the same system with those previously described in 
the Tarentaise. In the upper part of this series, at the Col de Char- 
donner, not far from Brian~on, he collected several additional speci- 
mens of fossil plants, which were likewise ascertained by M. Adolphe 
Brongniart to be identical with well-known species from the true coal 
formation. M. de Beaumont arrived at the conclusion that this great 
system of beds, containing (according to his observations) fossil plants 
of carboniferous species both in its upper and lower members, and 
containing also belemnites and even ammonites, was the representa- 
tive not only of the lias, but of the whole or greater part of the Ju- 
rassic series. Thus the fossil plants (Calamites, Sigillariae and 
Lepidoclendra) ofthe Col de Chardonnet, which are absolutely identical 
with those of the coal-measures, belong to strata which (according to 
this view) are equivalent to the middle or upper parts of the oolite. 
I am not aware that any further observations were made upon this 
singular anomaly until the year 1844, when the Geological Society of 
France held their meeting at Chambery, and their attention was natu- 
rally directed to so remarkable a fact. A great number of the members 
then visited the localities in the Tarentaise which had been described 
by M. /~lie de Beaumont, and the observations which they made are 
recorded in the Bulletin of that Society, to which I must refer for 
ample details of the geological structure of that part of the Alps. 
They confirmed the previous observations of M. de Beaumont, and 
arrived (I believe unanimously) at the conclusion that the strata con- 
raining ferns really alternated with those containing belemnites, and 
could not be considered otherwise than as parts of the same formation. 
In 1846 Mr. Horner, then President of our Society, called the 
attention of English geologists to this subject in his Anniversary 
Address, and he proposed an explanation of the anomaly, on which I 
shall afterwards have occasion to make some remarks. 
When I was in Italy, during the past summer, it was suggested to 
me by some of my friends that I should examine the fossil plants 
from the Tarentaise, of which a considerable collection exists in the 
museum at Turin. Twenty ears had elapsed since the publication 
of M. Adolphe Brongniart's memoir, and it was thought that the 
additional materials which had been collected might possibly tend to 
throw some new light on the question. Accordingly, during my stay 
at Turin, I devoted some days to a careful examination of the speci- 
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mens from the Tarentaise, and I must add that I received the kindest 
assistance from Professor Sismonda nd his brother, who afforded me 
every possible facility for a full and satisfactory investigation. The 
detailed descriptions of the species will be found at the end of this 
paper. But I must observe in the first place that I found very con- 
siderable difficulty in arriving at any satisfactory conclusions. The 
portions of plants contained in these Alpine slates, though very nume- 
rous, are in general very imperfect; they are crowded and jumbled 
together in great confusion, often much crushed and distorted; they 
are almost always converted into, or coated with, a silver-white talc, 
which, while it gives them a beautiful appearance, is not very. favour- 
able to the preservation of the more minute and delicate markings ; 
and, in particular, the details of the venation, on which the determi- 
nation of fossil ferns so much depends, are seldom well exhibited. 
Above al], the fronds of the ferns are very often distorted in a most 
singular manner, whether in consequence of drifting, or of a process 
of crystallization, perhaps accompanying the upheaval of the slates. 
This distortion causes the leaflets, not only in different parts of the 
same frond, but even on opposite sides of the same pinna, to differ 
widely both in apparent form and in direction, so that it is often ex- 
ceedingly difficult to determine what was their original and normal 
character. Under these circumstances it will not be thought surpri- 
sing that I should speak with a certain degree of caution and hesita- 
tion as to the specific identity of most of these plants. 
The results of my examination may be thus stated. Among the 
specimens preserved in the museum at Turin I was able to distinguish 
only fourteen different forms, for I will not venture to call them spe- 
cies. Of these nine are Ferns, two Calamites, and three Astero- 
phyllites or Annularite. Two of the Ferns, namely Odontopteri, 
Brardii and Pecopteris Cyathea, may be pronouncedwith tolerable 
certainty to be identical with characteristic and well-known plants of 
the coal-measures. Three, or perhaps four others have a strong re- 
semblance to coal-measure plants, with which they mav ery probably 
be specifically identical, but I cannot feel certain of tlaem. Another 
seems to be a remarkable and hitherto unnoticed variety of Odonto- 
pteris Brardii, connecting that species with O. ohtusa of Brongniart. 
The eighth is perhaps a new species, but its nearest allies are plants 
of the coal formation. Of the ninth the specimens are too imperfect 
to admit of determination. Of the remaining plants Calamite8 ap- 
proximatu, and Annularia longifolia appear to be absolutely identical 
with coal-measure plants ; and the other two Annulariee or A, tera- 
phyllite, are at least very similar to carboniferous forms. The other 
Calamite is undeterminable. 
I now proceed to the fossil plants of the Col de Balme and other 
localities near Chamounix. Sir Henry De la Beche was, I believe, 
the first to record* the occurrence of impressions of ferns in the 
schistose rocks of the Col de Balme, and he noticed their close resem- 
blance to those of the coal formation. These impressions have since 
become well known, and are familiar to most visitors to Chamounix, 
* In 1819. 
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where examples of them are generally exhibited for sale. Specimens 
from this locality were examined and described, together with those 
from the Tarentaise, by M. Adolphe Brongniart, in the paper already 
quoted. The black slates of the Col de Balme and the Valorsine, in 
which these plants occur, are admitted on all hands to belong to the 
same formation with those of Petit Cceur ; but in the former localities 
they present, as far as I can learn, no anomalous features, containing 
no belemnites, nor, I believe, any animal remains whatever. When 
at ChamounLx, in August last, I ~4sited the slate quarry near the Col 
de Balme, from which, as I was informed, most of the specimens of 
fossil plants had been collected, but I was not able to meet with any- 
thing beyond some very slight and obscure traces of impressions. I 
procured, however, at Chamounix a considerable number of well-pre- 
served specimens, and others were shown to me by Professor Pictet 
in the museum at Geneva. The Col de Balme is not the only locality 
near Chamounix from which these fossil plants have been procured ; 
they occur also in the mountains above the village of Servoz, from 
which the Dioza torrent comes down to join the Arve ; and in the 
mountains on the right bank of the Rhone, opposite to Martigny. 
But in none of these places, as I was informed by M. Pictet, have 
belemnites been found, nor any characteristic fossils, except he vege- 
table impressions. t , 
It may be worth while to add, that M. Ehe de Beaumont himself 
told me that he considered the slates of the Col de Balme as belong- 
ing to the lowest part of the lias formation. They are the lowest 
fossiliferous rocks of that district, and rest immediately on crystalline 
talcose schists, which pass downwards into the gneiss and protogene 
that constitute the mountains on both sides of the valley of Cha- 
mounix. 
My specimens from the neighbourhood of Chamounix, and those 
which I examined in the museum of Geneva, include ten different 
forms of fossil plants, of which eight are Ferns, one a Calamite (spe- 
cies undeterminable), and one an Asterophyllites. The two latter are 
extremely like, if not absolutely identical with, common forms of the 
coal-measures. Of the ferns, there are, I think, only two which I 
did not observe among the Tarentaise specimens : one of these is the 
well-known Neuropteris flexuosa, very distinctly characterized, and 
perfectly agreeing with specimens from Pennsylvania and Cape Bre- 
ton. The other comes near to Neuropteris eonferta of GSppert (a 
plant belonging to the upper part of the coal-measures), but the spe- 
cimen is not sufficiently perfect for accurate determination. 
Lastly, I may mention that M. Elie de Beaumont showed me, in 
the collection of the Ecole des Mines at Paris, a well-preserved speci- 
men of Zepidodendron ornatissimum of Brongniart (Lindley's Ulo- 
den&on majus), with its characteristic markings, and especially the 
large round scars of abortive buds or "branches, very distinctly exhi- 
bited. This was brought from the Col de Chardonnet, not far from 
Brian~on. The strata in that locality are considered by M. de Beau- 
mont as belonging to the uppermost part of the Alpine anthracite 
formation, and as probably equivalent to the Oxford clay. 
California-San Diego on July 8, 2016
 at University ofhttp://jgslegacy.lyellcollection.org/Downloaded from 
] 34 PROCEEDINGS OF THE GEOLOGICAL SOCIETY. ~0V.  29, 
It will be seen that at~er the most careful examination which I 
have been able to make of the fossil plants in question, I have come 
to the same conclusions as M. Adolphe Brongniart with respect o 
their general agreement with those of the coal-measures; though I 
have not been able to distinguish so great a number of species as he 
did, nor to speak with the same confidence respecting the greater 
part of them. So remarkable a fact as the association of plants cha- 
racteristic of one formation with animal remains upposed to charac- 
terize another and much later one, seems well-deserving of the atten- 
tion of geologists. The twenty years which have elapsed since this 
fact was first observed,--twenty years rich in geological research and 
diseovery,--have. . brought o light no parallel case ; nothing has been 
discovered tendmg to soften or explain the anomaly; the association 
of coal-plants with belemnites at Petit Cceur still stands an isolated 
and exceptional ph~enomenon. 
Some, perhaps, may be disposed to object hat our materials are not 
sufficient to establish the fact of the identity of these plants with 
those of the coal-measures. It is quite true that the greater part of 
them are in an unsatisfactory condition ; and it is also true that in 
many instances plants of ve~ distinct species, and even belonging to 
distinct genera, cannot be distin~dshed tmless by an examination f 
specimens m a perfect state. But two or three of the fossil plants 
contained in this Alpine formation are so distinctly characterized, 
that there seems no reason to doubt their identity. And this at least 
may be affirmed with eonfidence,--that many of them are undistin- 
guishable from plants found in the true coal-measures, while none 
have any close resemblance to those of the lias or the oolites. 
The fact, that the strata which yield these plants do really alter- 
nate with those containing belemnites, eems to be established by 
such strong testimony that it is difficult o dispute it. We have not 
only the evidence of M. de Beaumont on this point, but that also of 
Professor Sismonda nd of the Abb~ Chamousset, both of whom are 
intimately acquainted with the district in which these fossils occur, and 
have had great experience in the investigation of Alpine geology; 
and both assured me, that no one who examined the localities could 
doubt that the beds containing these different kinds of fossils were 
really members of the same geological formation. But it was sug- 
gested by M. Michelin, at the meeting of the French Geological So- 
ciety at ChamberT, that the belemnites (which I believe are undeter- 
minable as to species) might not be of the importance that had been 
supposed, in reference to the age of these rocks, l ie was inclined to 
consider it an instance of the occurrence of the belemnite form in the 
carboniferous period, rather than of the continuanee of the same spe- 
cies of plants through several successive epochs. It is true that am- 
monites also have been found in certain strata of the same district, 
and which both M. de Beaumont and M. Sismonda eonsider as form- 
ing part of the same series with those in question; but this latter 
conclusion is, I believe, not admitted by the Abbd Chamousset. If 
the determination of the age of these strata rests on the belemnites 
alone, it may, I think, well be considered oubtful. 
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Mr. Homer, in his Anniversary Address, to which I have before 
alluded, regards this phrenomenon asmerely an instance of the per- 
manenee of certain species of plants ; and as illustrative of the law, 
that species which have had a wide range in space have also had a 
long duration in time. "We know," he observes, "that the same 
species of plants are found in the coal-fields belonging to the palaeozoic 
carboniferous rocks of Europe and of North America, and in regions 
with differences of more than thirty degrees of latitude ; and therefore 
they may have been able to live through the many vicissitudes of con- 
dition of the earth's urface that must have occurred between the car- 
boniferous and liassic periods." This explanation, as it appears to 
me, does not meet the difficulties of the case. If no plants different 
from those in question occurred in the lias formation of Europe, and 
if none of the intermediate rocks, between the carboniferous and the 
liassie periods, were characterized bymarkedly distinct forms of vege- 
table life, then the principle brought forward by Mr. Hornet would 
be strictly applicable ; and there would indeed, in such a ease, be 
nothing peculiarly anomalous or difficult of explanation. We should 
merely have to conclude that vegetable remains were of no import- 
ante whatever in determining the age of rocks. But the facts are far 
different. The Permian system, indeed, which immediately follows 
the coal, appears to resemble it closely in the character of its vege- 
tation*. But in the Trias we have a very distinct flora, confined in- 
deed to few localities, but marked by strong peculiarities both specific 
and generic. The fossil vegetation of the Grd's bigarrg of Alsace, so 
well illustrated by Messrs. Sehimper and Mougeot, is tolerably rich 
in species, and is quite different from that of the carboniferous period ;
it is characterized particularly by numerous coniferm, of two genera 
(-4lbertia and Voltzia), and by a very remarkable f rn, ~4nomopteris 
ltlou#eotii, to which nothing similar has been found in any other 
formation. The number of ferns formal in this deposit, at Soultz-les- 
bains near Strasbourg, amounts altogether to eleven or twelve species, 
all of which, without exception, are clearly distinct from those of the 
coal-measures. Now we must bear in mind that the prevailing and 
most common ferns, at the present day, are, with two or three ex- 
ceptions, the same over nearly the whole of Europe; and this ap- 
pears to have been the case, in at least an equal degree, during the 
carboniferous aera. Therefore, when we find the variegated sandstone 
of Alsace, at so moderate a distance, comparatively speaking, from 
some of the coal-fields of France and Germany t, characterized by an 
entirely different set of ferns, with not even one species in common, 
---we are warranted in concluding that a great change of climate or 
other conditions, producing a remarkable change in the vegetation, 
must have occurred between the deposition of the coal-measures and 
that of the sandstones in question. Yet during that time, according 
to the hypothesis I am considering, the Tarentaise and a small re- 
gion near it continued to retain unchanged the vegetation of the coal 
period ; although the distance from Soultz-les-bains to the Tarentaise 
* See Murehison's ' Russia.' 
t It is scarcely twenty geographical miles from .~aarbriiek. 
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is trifling when compared to that between the British and the Sile- 
sian coal-fields, which have so many plants in common. 
The few traces of vegetable remains which have been found in the 
variegated sandstone in other parts of Europe, agree, as far as they 
go, with those of Alsace. 
In the Keuper formation we have again another very distinct 
assemblage of plants, more numerous than those of the Grbs bigarre', 
and still more different from the coal-measure plants,--indeed, much 
more approximating to the flora of tile oolite. In truth, it is difficult, 
as far as fossil plants are concerned, to fixa limit between the Keuper 
and the lias : some of the beds most rich in vegetable remains (such 
as the sandstone of Hoer ill Scania, and the "Lettenkohle" of Ba- 
reuth,) are referred by some authorities to the one of these forma- 
tions, and by others to the other; and many species really seem to 
be common to both. Of not less than sixty-eight species or forms, 
enumerated in Unger's Synopsis as belonging to the Keuper, not one 
has been discovered inthe coal-measures, and the Peeopteris Meriani 
seems to be the only one that has even any close resemblance to a 
plant of the true carboniferous age. 
There may be some difficulty in precisely defining the fossil flora 
of the lias, f'or although Unger gives a long list of plants from this 
formation, many of them seem to belong more properly to the lower 
oolite; while the sandstone of ttoer in Scania, which M. Adolphe 
Brongniart referred to the age of the lias, is considered by M. Sehim- 
per as equivalent to the Keuper. As far as it is known, the fossil 
vegetation of the lias is scarcely distinguishable, on the whole, from 
that of the middle and lower oolites. I need not dwell on tile flora of 
these latter formations, which is so well displayed in our own coun- 
try, and is so rich in species and so strongly characterized. It is 
abundantly distinguished from the coal-measure flora, not only by an 
invariable difference of species, but by the prevalence of altogether 
different tribes of plants, and especially by the great number of Cy- 
cade~e. Nor are these characteristics of the Jurassic vegetation con- 
fined to Europe : the only rocks of that age which are known in the 
United States (namely those constituting the Richmond coal-field in 
Virginia) agree remarkably in their vegetable remains with the 
oolites of Europe ; and even in so distant a region as Cutch, the Ju- 
rassic rocks are characterized by similar, though not identical, species 
of fossil plants. 
It is worth while to mention that, as is stated by M. Scipion Gras, 
in the Bulletin of the Geological Society of France, Jurassic strata in 
their ordinary condition appear in the department of the Isbre, at no 
very great distance from the limits of the anthracite formation of the 
Alps; and these strata contain impressions f plants, entirely different 
from those of the Alpine anthracite,.and exhibiting the usual charac- 
teristics of the oolitic flora. We must bear in mind that the Alpine 
formation in question is considered by M./~lie de Beaumont as equi- 
valent, not only to the lias, but to all the lower and middle part of 
the Jurassic system. It is difficult o conceive such a peculiarity of 
local circumstances, as could have occasioned one limited tract of the 
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western Alps to retain its vegetation unchanged through so many 
geological periods, while that of the surrounding regions was under- 
going repeated changes. 
Some few instances certainly are known of the insulated occurrence 
of tropical species, especially of ferns and Lycopodia, in temperate 
regions, far beyond their ordinary geographical range; as, for ex- 
ample, Trichomanes radicans * in Ireland, and Lycopodium cernuum 
in the Azores. But to find a parallel case to that under considera- 
tion, we must suppose an island, or a small tract of country, in which 
all the ferns were specifically different from those of the surround- 
ing countries, and identical with those of some far-distant region; 
for, in such cases, distance in space may be considered as representing 
distance in geological time. I know of nothing analogous to this in 
the present state of things. 
Lastly, I must mention the hypothesis proposed by M. Adolphe 
Brongniart. He holds, that the plants which we find preserved in 
the slates of the Savoy Alps did not grow in those regions, but were 
drifted from great distances ; that the peculiar vegetation which had 
been widely spread over the globe in the carboniferous period, con- 
tinued to exist in the hotter parts of the earth long after it had be- 
come extinct in our temperate regions ; and that plants belonging to 
those hotter climates were occasionally drifted as far north as where 
the A1ps now exist, and buried in the deposits in which we find them 
alternating with belemnites. This is perhaps the most plausible x- 
planation that has been offered, and yet there seem to be some con- 
siderable difficulties in the way of it. Although the vegetable r mains 
in the Alpine slates are not in general very well preserved, yet their 
condition is not so very different from that of ordinary coal-plants as 
it would seem that, according to this theory, it ought to be ; and it is 
not easy to conceive how the delicate leaves of ferns could be drifted, 
either by the sea or by rivers, for so great a distance as from a tropi- 
cal to a temperate climate, without being so much damaged as to lose 
all their distinctive characters. Fruits, and seeds, and branches of 
tropical plants are occasionally wafted by the sea to our coasts ; but 
I never heard of any instance of leaves being so conveyed. Nor is it 
easy to understand, on this supposition, how it happened that these 
tropical ferns were not drifted to other parts of Europe, besides the 
district under consideration. 
Nevertheless, I must acknowledge that I have no more satisfactory 
explanation to offer ; nor do I see any way out of the difficulty, un- 
less by adopting the opinion of M. Michelin, to which I have already 
referred. My attention has been directed chiefly to the botanical 
aspect of the question, and I must leave the farther discussion of it 
to those more versed than myself in strictly geological investigations, 
and especially to those who have had experience in the difficult re- 
searches of Alpine geology. 
* See Hooker's ' Species Filicum.' 
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Descriptions of Fossil Plants from the TARENTAISE. 
1. NEUROPTERIS TENUIFOLIA ? (Brougn. Veg. Foss. p. 241. t. 72. 
f. 3?) 
This is abundant, and some of the specimens are large, and tole- 
rably complete. Leaflets very variable, even in the same specimen : 
many of them agree well with the ordinary appearance ofN. tenuifolia, 
as seen in the coal-fields of England, and as figured by Brongniart ; 
but very often they are longer and narrower than in the normal state 
of that plant,--sometimes so long and narrow that they might be 
thought to belong to Pecopteris lonchitica; while others again, on 
the very same frond, agree almost exactly in outline with those of 
Neuropteris flexuosa. I am inclined to refer the plant to N. tenui- 
folia rather than toflexuosa, because the midrib is much more strongly 
marked, and longer in proportion to the leaflets, than in normal spe- 
cimens of the latter. The side-veins are v ry obscure in all the spe- 
cimens, and this necessarily throws a doubt on the determination f
the species. There are many other variations, probably depending 
on the distortion which the plants have undergone: sometimes the 
leaflets are closely crowded, and even imbricated, sometimes remote ; 
in some pa~s they lie almost flat along the rhaehis, and again, in the 
very same pmna, they are perpendicular to it, or even bent back. 
N. tenuifolia was described by Bronguiart from specimens collected 
in the coal-mines of Saarbr/ick. It has since been found in those of 
Merthyr Tydvil and of Northumberland; in the district of Osna- 
brfick (according to specimens in the British Museum) ; and in the 
Permian formation f Russia. I am not aware that it has been ob- 
served in America. 
2. NEVROr'rERIS ¢mANTEA? 
Two or three detached leaflets, much resembling this species. 
3. NEUROFTERIS ? 
Fragments of very large leaflets with the venation of a Neuropteris, 
apparently belonging to some species like N. ingens, or possibly to a 
Cyclopteris. 
4. ODONTOPTERIS BRARDII (Brongu. Veg. Foss. v. i. p. 252. 
t. 75 & 76). 
Fragments of this plant are numerous in the slates, and in many 
of them, fortunately, the peculiar and characteristic venation is so 
well preserved as to leave no doubt of the genus. The leaflets are 
generally smaller and less acute than in the French plant figured by 
Brongniart ; but there appears to be no difference of any importance. 
None of the specimens however are sufficiently perfect o exhibit he 
characteristic basal eaflets of the pinnse. O. Brardii appears to be 
a very local fossil : there is no record of its having been found in the 
coal-fields of England, Germany, or America; nor indeed anywhere 
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(in the old coal formation) except in the mines of Lardin, near Ter- 
rasson, in the department of the Dordogne. 
5. ODONTOPTERIS OBTUSA ? (Brongn. Veg. Foss. p. 255. t. 78. 
f. 3 &4). 
Of this I observed some very incomplete frag~nents, entirely agree- 
ing with Bronguiart's figure and description of O. obtusa ; but other 
and more numerous pecimens are exactly intermediate between his 
O. Brardii and O. obtu~a, or.rather exhibit the characters of both 
together. In the best-preserved specimen, the leaflets are strikingly 
different on the opposite sides of the same pinna: on the one side 
they are short, almost round, or rather broader than long, and very 
obtuse, much resembling those of O. obtusa in Brongniart's fig. 4. 
t. 78 ; on the other side they approach closely to the normal form 
of O. Brardii. This singular incongruity is most strongly marked 
towards the base of each pinna, the leaflets towards the extremity 
becoming radually more and more symmetrical, and, at last almost 
wholly so. It is possible that the want of symmetry may be pro- 
duced in part by distortion, for the leaflets are dissimilar in direction 
as well as in form. The venation in this particular specimen is beau- 
tifully preserved, and thoroughly characteristic of the genus Odon- 
topteris. 
Other fragments exhibit the dissimilarity of the leaflets in a greater 
or less degree, with a variety of intermediate forms ; and, with every 
reasonable allowance for distortion, they lead me to the conclusion 
that the Odontopteris obtusa (ofwhich small fragments only have 
been hitherto observed) is merely a variety of O. Brardii. 
The localities assigned by Bronguiart to the Od. obtusa re, Lar- 
din, near Terrasson (where it was found in company with O. Brardii 
and O. minor), and the Col de l'Ecuelle, near Chamounix. This latter 
locality belongs to the ambiguous formation of which I am here 
treating. The Od. obtusa of Lindley and Hutton's ' Fossil Flora' 
(from the Shropshire coal-field) is considered by GSppert as a di- 
stinct species, which he calls O. Lindleyana. 
6. PECOeTERIS CYATHEA (Brongu. p. 307. t. 101). 
Specimens well characterized, and referable with tolerable certainty 
to this species, or rather perhaps to the variety called P. arborescens. 
Pecopteris Cyathea appears to be one of, the most generally dif- 
fiased of the fossil ferns of the coal-measures. It has been observed 
in the coal-fields of Saxony, Bohemia nd Silesia ; at St. Etienne, and 
various other localities in France ; near Osnabriick ; in many of the 
English coal-fields, and in most of those of North America. In this 
enumeration I include the localities of the so-called P. arborescens, 
as I find it impossible to distinguish between the two forms. 
7. P~.covrERIS -. l ? 
A fern very like P. Cyathea, but with larger leaflets, of a rounder 
form, and remarkably broad in proportion to their length. Main- 
stalk excessively thick. Venation not distinguishable. 
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8. PECOPTERIS PTEROIDES? (Brongn. p. 329, t. 99. f. 17) 
Two large speeimeDs seem to approach near to this species. The 
leaflets are rather narrower and less closelv set than in Brongniart's 
figures; the venation very indistinct ; anct the basal eaflets of the 
pinnee are not sufficiently ~'ell preserved to determine the species with 
certainty. 
9. PECOPTERIS . . . .  ? 
This seems more nearly allied to ~). Plukenetii (Brongn. t. 107. 
f. 2) than to any other described species ; but the lobes of the leaflets 
are of a much rounder form than in that plant ; the leaflets them- 
selves larger and more obtuse, except those towards the extremity of 
each pinna, which become successively more and more acute; and 
the pinnee are broader and more ovate in their outline ; venation very 
obscure. Another specimen, which I conjecture to belong to the 
same plaDt, and which is perhaps one of the lowest and largest pinnm 
of the frond, is pinnated, with broad ovate leaflets, divided half way 
down into rounded lobes. The venation in this specimen is well 
preserved; the midrib of each leaflet is pinnated with rather strong 
lateral veins running into the several lobes, but not reaching to the 
extremities of them, and these veins are again pinnated with slender 
and sometimes forked veinlets. 
10. CALAMITES APPROXIMATUS (Brongn. Veg. Foss. p. 133, t. 24). 
A very large specimen, decorticated, but well characterized. 
Calam. approximatus has been found in the coal-mines of Alais, in 
the department of the Gard, of Ligge, of St. Etienne, of Kilkenny ;
in several of the English coal-fields, and abundantly in those of Nova 
Scotia and Cape Breton. 
1 ]. CALAMITES SUCKOWII ? 
Many fragments, but noDe sufficient for the satisfactory determi- 
nation of the species. 
1 ~. ASTEROPHYLLITES ? 
A species with short intemodes and very narrow ineurved leaves 
many in a whorl, much longer than the in(ernodes. 
13. ANNULARIA LONGIFOLIA. 
(Astero39hyllites equisetiformis, Lindl. and Hutt. Foss. F1. v. ii. t. 124.) 
Certainly the plant of tile ' Fossil Flora,' and the same as No. 4t) 
of my paper on the coal-plants of Cape Breton. 
Found in the Newcastle coal-field, at Wettin near Halle, and ill 
the island of Cape Breton. 
14. ANNULARIA ? 
A small species, ~vhh short, wedge-shaped, very (,btuse leaves; I 
think the same as No. 41 of nay paper above-quo(ed. 
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De, eription, of Fo**il Plants from the COL DE BALME and other 
places near CHAMOUNIX. 
1. ODONTOPTERIS BRARDII. 
The same as from the Tarentaise. The leaflets are usually rather 
less falcate and less acute than in Brongniart's figures, and it passes 
by intermediate specimens into the next form. 
2. ODONTOPTERIS OBTUSA ? 
Identical with No. 5 of the preceding list, but I do not find in any 
of the specimens from the Col de Balme that curious want of sym- 
metry which is so striking in some of those from the Tarentaise. 
3. NEUROPTERIS FLEXUOSA (Brongn. Veg. Foss. p. 239, t. 68. f. 2). 
The specimens of this plant are well preserved and highly charac- 
teristic, agreeing precisely with those from the coal-fields of North 
America. The specimens in my collection were found, as I was told, 
in the mountains above Servoz; those which were shown to me by 
M. Pictet, in the museum of Geneva, were from the mountains near 
Martigny in the Valais. One fragment has the leaflets o broad and 
round, that it might be referred to N. rotundifolia, but I have ob- 
served a similar variation in English specimens of N.flexuosa. 
Neuropterisflexuo,a is a very general and very abundant fossil in 
the North American coal-fields, especially in those of Pennsylvania 
and Cape Breton. In Europe it seems to be less frequent, but I have 
seen specimens from Pembrokeshire and from Somersetshire, and it 
is recorded from Bohemia. 
4. NEUROPTERIS ? 
Very like N. conferta of G6ppert (Syst. Fil. Foss. p. 204, t. 40), 
but the specimen is not perfect enough for satisfactory determhation, 
and in particular I cannot ascertain whether the main stem is winged 
with decurrent leaflets,--one of the essential characteristic marks of 
that species. I saw nothing similar to this among the specimens from 
the Tarentaise. 
5. NEUROPTERIS ALPINA (Sternb.) ?
(G6pp. Syst. Fil. Foss. p. 204 ?) 
Several of the specimens from the Col de Balme seem to belong to 
this species, though none of them are sufficiently perfect to display 
its characters in a thoroughly satisfactory manner. It is very likely 
that some of those from the Tarentaise, which I placed doubtfully 
under N. tenuifolia, may also belong to this, for, owing to the man- 
her in which the specimens are encrusted with talc, it is often diffi- 
cult to determine whether the leaflets are really adnate to the rhachis 
or not, and the venation is generally very obscure. Judging from 
those examples in which the veins are best shown, I should think 
that this species is not well placed in Neuropteris. 
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6. PECOPTERIS ' ? (allied to Cyathea). 
Identical with No. 7 of my Tarentaise list. The leaflets are shorter 
and broader in proportion than in any of the forms of the Cyathea 
group figured by Brongniart ; they vary somewhat in outline in the 
same specimen, being sometimes nearly round, sometimes more of a 
square form. The main stalk is always remarkably thick in propor- 
tion to tile stalks of the pinnee which proceed from it. 
7. PECOPTERIS -? (allied to Plukeneti O. 
Identical with No. 9 of the preceding list. It is perhaps as nearly 
allied to Sphenopteris latifolia of Bronguiart (Aspidites latifolius, 
GSpp.) as to Pecopt. Plukenetii; at any rate it is one of those forms 
which might almost equally well be referred either to Pecopteris or 
to Sphenopteris. Venation quite undistinguishable in my specimen. 
8. PECOPTERIS PTEROIDES ? 
The same with No. 8 from the Tarentaise ; but the species is very 
doubtful. 
9. CALAMITES ~ ? 
Very probably one of the forms of C. Suekowii, but the species 
cannot be determined. 
10. ASTEROPHYLLITES ? 
Apparently identical with No. 12 of the preceding list. It can 
hardly be distinguished from some of the specimens from the coal- 
field of Cape Breton, which I have taken for Asterophyllitesfoliosa. 
2. On the Geology of the neighbourhood f OPORTO, including the 
Silurian Coal and Slates of VALLONGO. By DANXEL SHAaP~-, 
Esq., F.G.S. 
ON the 1 lth of April, 1832", I laid before the Society a short notice 
of the rocks of which the following is a more detailed account : since 
that period I am not aware that anything more has been published 
respecting them ; but the recent discovery of shells and trilobites in 
the Vallongo slates has given a fresh interest o the subject. 
(A.) Crystalline Rocks near Oporto. 
The town of Oporto stands on a band of granite four or five miles 
wide, which forms the axis of the neigl~houring rocks, with a general 
direction of about N.N.W. ; it is encl()sed on each side by a belt of 
brown micaceous schist with quartz veins, to which succeeds on each 
side a line of granitic gneiss alterngthlg with and passing into mica- 
ceous and chloritic schists, which are~0verlaid both to the north-east 
and south-west of the district of'crystalline rocks by clay-slates of 
sedimentary origin. In some places granite is found (as at San 
Cosine and elsewhere) in the place of the gneiss, and there are, on the 
* Proceedings of tile Geological Society, vol. i. p. 395. 
California-San Diego on July 8, 2016
 at University ofhttp://jgslegacy.lyellcollection.org/Downloaded from 
